ABSTRACT
INTRODUCTION
The acknowledged power of social media of gathering people around common societal problems is unarguable. However, not all online initiatives are well succeeded, often due to issues of user's engagement and motivation. Engaging participants is a concern that challenges online community managers, designers and sponsors, especially those who aim to exploit the full potential of online tools to promote social change, such as governments, NGOs, and policy makers.
The term engagement can be understood from different but complementary perspectives. Yates and Lalmas [1] define user engagement as "the phenomena associated with wanting to use that application longer and frequently", as a result of "the quality of the user experience that emphasizes the positive aspects of the interaction with a web application". Malliaros and Vazirgiannis [2] adopted the definition of "the extent that an individual is encouraged to participate in the activities of a community". When social change is the target, engagement might be also related to the civic engagement defined by [3] as "individual and collective actions designed to identify and address issues of public concern.".
From the Web Science perspective, investigating engagement with online tools requires understanding the forces that drive human behavior towards technology, be they individual, social or influenced by the environment. Motivation determines the force and direction of behavior [5] , therefore, a crucial aspect towards engagement.
Motivation theories from Social Psychology have the purpose of explaining why people show great effort and persistence on doing things, which may comprehend interacting with a system or being active in a community [5] . This paper is grounded on concepts of the Self-Determination Theory (SDT) [6] , which considers that motivation emerges intrinsically for satisfying needs, due to emotion or cognition, and extrinsically, i.e. by means of prizes or rewards. Still, individuals and the environment influence each other supporting or undermining motivation. From the individual side, i.e. psychological needs, interests and values can stimulate engagement with activities and with social groups. The environment, on the other hand, plays a role offering challenges and interesting things to do, providing feedback, imposing goals, and offering opportunities to potentiate the individuals' development [5] [7] .
This work focuses on understanding the role and impact of motivational strategies on promoting engagement in online energy debates. We build on SDT main elements to evaluate the impact of some motivational strategies not only to promote engagement in terms of online participation but also to connect people to a common issue. Namely, we present a user study in which an online argumentation tool has been used for raising energy awareness and fostering social change towards energy conservation in the workplace. By means of the debate tool, users from a computer science lab discussed about current consumption issues and possibilities to change behavior, building the knowledge collectively and collaboratively.
As expected, the voluntary adoption of this tool by employees required a certain level of motivation, since it was competing in terms of time allocation with other daily obligations. Moreover , the "intangible" aspect of the debated issue can also be seen as an additional challenge to attract people for debating online. This is due to the fact that energy consumption is perceived influenced by Permission to make digital or hard copies of all or part of this work for personal or classroom use is granted without fee provided that copies are not made or distributed for profit or commercial advantage and that copies bear this notice and the full citation on the first page. Copyrights for components of this work owned by others than ACM must be honored. Abstracting with credit is permitted. To copy otherwise, or republish, to post on servers or to redistribute to lists, requires prior specific permission and/or a fee. habits and environment more than by individual decisions [8] [10] and, therefore, people may fail to understand how this issue can relate to individual behavior.
Finding ways to engage people with energy consumption towards conservation has been a concern also for governments and police makers, requiring from them the understanding of the behavior change dynamics and motivational strategies to promote it [9] [11] [12] . Individually, we see engagement as a precursor of behavior change. Collectively, it is the first necessary component leading to a social change.
We hypothesize that engagement with "intangible" issues, such as energy consumption, may benefit from "tangible" feedback to improve users understanding and appropriation of the problem. To test this hypothesis we built the Energy Tree, a public tangible artifact with visual feedback of contributions to the online tool. We added to this analysis the influence of social dynamics of collaborative work and competition on engagement with the online debate.
Composing this exploratory study we:
• Assessed to what extent the presence of the Energy Tree promoted engagement with the energy debate by comparing online engagement during two identical workshops, the first without the tree and the second with it; • Associated the tangible feedback with social comparison (and the consequent competition) to promote online participation after the workshops, and evaluated qualitatively how they impacted engagement.
•
With the lenses of the SDT, analyzed the interplay of intrinsic and extrinsic motivational forces that have led to the engagement in this research scenario.
In the next session we present related works with regard to motivation, online participation and energy awareness/savings. The following session describes the overall methodology, which includes the description of the debate tool and the Energy Tree in terms of features to support the experiment. Then, we describe the experimental setting, which is followed by the results related to online participation and self-assessments. Combining the collected data, we analyze our findings, and subsequently discuss the limitations of the study. We then conclude the paper.
RELATED WORK
From the Human-Computer Interaction perspective, Shneiderman [13] sheds light to the current need of better understanding people's behavior, collaborative strategies, engagement, and cooperation to improve social media potential. He illustrates this challenge by underlining the subjectivity and ephemeral aspect of related concepts, such as motivation, an ancient notion that was brought to technology design only recently, according to him.
In [14] , Lee et al. evaluated individual achievements, social achievements and gamification strategies in the design of an application that aggregates the Tweets of the employees in a company. Their analysis pointed out that over using motivational strategies (including gamification) may lead the user to lose their intrinsic motivation.
According to Vassileva [15] , theories from psychology have been applied in literature to motivate specific behaviors or behaviors change, but not explicitly to motivate a person to contribute to a community. The author analyzed different approaches to motivate participation and found out that money or status rewards may jeopardize the quality of contributions, since people may act for results and not inline with their intrinsic motivations. She also highlights the importance of visualizations and states the need to consider both the user (micro level) and the community model (macro level) for providing incentives. Involving users' real communities beyond the online one is also an important motivational strategy for her. Instead of connecting individual's actions to their consequences, as the usual approach, Dourish [20] suggests the need to "connect people through their actions and their consequences", persuading people by the empowerment of collective actions. According to the Climate Change Communication advisory group [21] , "there are few influences more powerful than an individual's social network" to promote pro-environmental behavior. People tend to act in a certain way to be in line with others in similar context, following social norms [22] . But just adopting social norms to avoid guilty, or the fear of not 'fitting in' usually produces low level of motivation. When combined with intrinsic motivations, the social norms can be more effective and persistent [21] .
Acting socially to promote energy awareness
Then, studies that associate motivational strategies (social comparison, competition) to engage people via online social networks started to emerge leading to a higher level of savings, such as [23] and [24] . However, factors that contribute to their success are most of the times unclear [25] . Petkov [24] affirmed that users prefer to compare their data against users they know (even if the households present significant differences), suggesting that in the context of real community, such as a working place, this strategy may be even more effective. Welectricity [26] and Opower [27] are examples of online tools that allow users to compare their energy consumption with similar houses.
Competition is a controversial motivational strategy, with some positive results, but yet not so positive effects [19] [28] especially when targeting behavior change. In fact, it is found that competition might even encourage the development of unsustainable energy consumption practices [4] . Competition can be associated to rewards, e.g. money or prizes, such as the San Diego Energy Challenge [29] . Although, some authors argue that extrinsic rewards may even undermine intrinsic motivation in some situations [30] .
Competition and collaboration can be applied together in different levels, such as teams collaborating internally and competing against each other. A collaborative approach was found in [31] , relying on collective savings to reduce the need of energy generation. Projecting consumption data in the street for engaging neighbors to work together is a design alternative evaluated by the authors. Watt-Lite [32] publicly represented statistical data of energy consumption projected on the floor of a factory. It was successful to engage people in the topic when they were close to the installation but not enough visiting the project website afterwards.
Differently from the above-mentioned, evaluating savings or assessing behavior change is out of the scope of this study. We consider engagement as the fundamental step leading to behavior change, and then analyze how engagement in the debate of energy saving issues can be promoted by comparison, competition and public feedback in the context of a working place.
METHODOLOGY
In line with [21] and [33] , this work relies on the potential of peerto-peer learning, dialogue and argumentation of different viewpoints to build contextualized knowledge about energy usage. Engaging participants in this collaborative knowledge building process is the first step towards fostering longer-term changes.
For promoting engagement, we designed the Energy Tree, a public tangible artifact with visual feedback of contributions to the online tool. We combined face-to-face group activities with online participation to explore the impact of the Energy Tree on participants' engagement with the online debate on energy conservation. The methodology comprehended qualitative analysis applied to:
1) The assessment of the impact of tangible and public feedback on engagement. Two identical workshops promoting the online debate, one with and the other without the Energy Tree were conducted. Resulting contributions to the online debate associated to self-assessment questionnaires provided data for the analysis of the role of the tangible feedback on engagement. 2) Evaluation of the tangible feedback associated to social comparison dynamics. After the workshop, the Energy Tree was placed in a public area providing feedback of new contributions for both workshop groups, alternately, for 10 days. The impact of comparing group performances by means of the tree was evaluated supported by a sample interview with the top contributors and people who completely stopped contributing after the workshop. 3) Analysis of motivational forces considering intrinsic and extrinsic sources. Participants of the first workshop, the one without the tree, were told about a prize (no money related) that would be offered to the top contributor, adding an extrinsic motivation element to the study. The analysis of the motivational forces, intrinsic and extrinsic, on engagement took into account the main elements of the SelfDetermination Theory. Qualitative study of contributions to the online debate, self-assessments responses and outcomes of interviews subsidized the analysis.
How this methodology was applied to this experimental setting is further detailed. The experiment relied on the adequacy of the technical artifacts, both the debate tool and the Energy Tree, in providing features that motivate engagement. In the next sessions we describe how these artifacts were conceived and configured to support this study.
The debate tool
Energy saving and behavioral change are complex domains to be discussed, in which there are no right answers, or unique world views. Then, a debate tool must be featured to provide the expected contrast and connections of opinions. The Evidence Hub is a kind of Contested Collective Intelligence Platforms [34] applied to this study, suitable to support the complexity of discussion domain.
As an argumentative knowledge construction tool [35] , instead of leading to find the best and quickest answer to a question, the Evidence Hub promotes the development of critical thinking and collective assessment of several solutions in order to support a higher-level reflection on the different aspects of a debate.
Users can create issues, and ideas that overcome issues. Both issues and ideas can be supported or challenged by arguments, promoted by votes for and demoted by votes against. Users can also add Facts or Web resources to enrich the debate. Figure 1 illustrates a Knowledge Tree connecting an Issue to Ideas, Arguments and Facts.
Figure 1 -Screenshot of a knowledge tree in the Evidence Hub
Based on the nature of the content expected to be generated by participants, the Evidence Hub was set up with six main themes to debate on: 1) Behavior Change; 2) Consuming Energy, mostly issues about how energy has been used and eventually wasted; 3) Environmental Impact; 4) Good Practices, a theme that emerged for need of sharing the good behaviors that people already had; 5) Institutional Actions, identifying constraints associated to the building or to the institution, therefore out of individual control; and 6) The Tree -a space for ideas of how to apply the tangible device for the experiment.
Besides navigating content by tags, key challenges or type of contribution, users can also explore the map of connected people and ideas. Figure 2 illustrates the dynamic social network visualization. By means of this polarized semantic map, users can identify those who they mostly agreed, disagreed or expressed neutral comments within the conversation. The colors green, red and grey represent these levels of connections.
The Energy Tree was connected to the Evidence Hub database to provide a visual feedback of the number of contributions to the online debate. In the next section we describe the Energy tree functioning and its expected role to promote engagement.
The expected role of the Tree
Technically, the Energy Tree is a led-lights tree ( Figure 3) [38] by promoting the connection between energy consumption and natural environment impact.
The Energy Tree was conceived to be a motivational artifact. In Table 1 , we describe how the tree and the debate tool together are featured to promote motivation according to a set of ten design principles for motivational affordances [39] . These motivational affordances, which are also based on the SDT main concepts, refer to properties of objects that determine whether and how they can support one's motivation, considering psychological needs, cognition, social needs, and emotion as possible sources of motivation [39] . 
Design principles Features
Psychological needs -Users of the debate tool have their profile with pictures. -The Energy Tree represents results of a pre-established group of users.
Support autonomy 2. Promote creation and representation of self-identity
Cognition -The target established to light on the tree was previously calculated to be feasible, but not too easy to achieve.
-The tree provides instant feedback of new contributions.
Design for optimal challenge 4. Provide timely and positive feedback
Social and Psychological needs -Being publicly displayed, the tree aims at promoting collaboration among participants towards lightening it on completely.
-It has also the intended role to trigger online and real discussions about energy consumption.
-The debate tool provides visualizations of people connected by their content (Figure 2 ).
-By voting and arguing, users can explicit support or oppose others' idea. The Energy Tree was originally conceived as a tangible feedback of group energy savings [36] [37], but the need to first promote engagement has lead to a change in the design. How the tree was applied in the experimental setting is described below.
EXPERIMENTAL SETTING
The study took place in a research university department in the UK during October-November of 2013. Four phases shaped the experiment that together implemented the methodology. The phases are:
1) Online survey. Aimed at collecting initial perceptions about how energy has been consumed in the lab and preliminary ideas for behavior change. The participation was opened to everyone in the department by means of an online form with three simple questions. The results of the online survey were then used to preseed the Evidence Hub with meaningful content, thus providing a useful starting point for the online debate.
2) Two workshops (WS1 and WS2) were organized to promote the online debate by gathering volunteers to use the Evidence Hub. The two workshops had the same dynamic, except by the presence of the Energy Tree in WS2, making it possible to compare results and infer about effects of the Energy Tree on engagement. The Energy Tree was centrally located as a feedback mechanism during WS2 by reflecting the number of new submitted contributions. Each workshop lasted 2 hours and was run in a meeting room. Participants were asked to create, promote or demote Facts, Arguments, Issues, and Ideas online. Some faceto-face discussions enriched the online debate, but most of the time participants interacted individually with the online tool. The content generated in the WS1 was not visible for the participants of the WS2 to avoid influence. For assessing possible effects of extrinsic motivation on engagement, participants of WS1 only were told about a non-monetary prize (indeterminate) that would be offered to the top contributor in the end of the study.
After interacting, the attendees completed usability and motivational assessments.
3) 10 days of online debate. For evaluating motivation and, complementary to the workshop dynamic, "spontaneous" engagement with the debate, Group1 from WS1 and Group 2 from WS2 were asked to continue contributing to the online debate for 10 days, each group contributing to a different website. During that time, participants could optionally make use of energy monitoring devices for learning and sharing knowledge about individual consumption. The Energy Tree was placed in a social area as a feedback of engagement. Every 60 new contributions to the tool (new issues, ideas, arguments, facts, resources or votes) turned on a new branch of the tree. Results of each group were identified by a sign and kept alternating from time to time. The competition between groups was not clearly promoted.
4) Sample interview.
To understand what motivated participation, perceptions, as well as their overall experience towards this study, a sample of participants that included the top and bottom contributors was interviewed. 
Motivational assessments
We applied two self-assessments artifacts to workshop attendees aiming at finding qualitative evidences of potential motivational forces related to engagement:
• The Self-Assessment Manikin -SAM [40] was applied to evaluate the affective quality of the interaction with the debate tool, potentially under influence of the Energy Tree for Group 2. It consists on a pictographic questionnaire that assesses three dimensions of emotions: valence, the positive or negative feeling caused by the experience; arousal that means the level or excitement or boredom; and dominance, in this case, it means the perception of control interacting with the Evidence Hub.
• Intrinsic Motivation Inventory (IMI) [41] . This questionnaire is part of the SDT framework. We applied the shortest version with 9 items consisting of three subscales: Interest/enjoyment that measures the intrinsic motivation directly; Perceived competence, a positive predictor of motivation related to how adequate the interaction was to participants' skill; and Pressure/tension, a negative predictor of intrinsic motivation related to external factors. Lower values are preferable for this subscale. Usually the IMI is applied to larger samples making it possible to explore correlations statistically. In this limited research scenario, the IMI was applied to point directions of the eventual impact and influence on intrinsic motivation. 
Calculating contributions

RESULTS
Numbers related to participation and self-assessments are presented here, supporting the qualitative analysis and discussion in the next session.
Participation
The four phases of the study involved a total of 33 participants, most of them researchers and some PhD students of the computer science lab. The workshops gathered 24 voluntary participants (12 people per workshop), including 10 of the 19 respondents of the online survey.
The total of contributions generated in the debate tool is synthetized in the chart in Figure 4 . Group 1 generated less contributions in the workshop (348) compared to Group 2 (542), which had the tree. The score inverted when the tree was installed in the public area as a feedback of contributions for both groups alternately (phase 3). Group 1 created 247 new contributions and Group 2 only 78. These numbers suggest that the Energy Tree had a potential impact on participation when seen as a novelty. This result though must be associated to other assessments and variables to be conclusive.
In terms of type of contributions among votes, ideas, issues, arguments, facts and resources, both groups had comparable distribution as represented by the chart in Figure 5 . These distributions can be considered adequate for the debate balance, such as the higher number of ideas than issues, as well as the expected high number of votes, which reflects that users accessed other people's contribution and expressed their opinion. 
-Distribution of types of content in the debate
The most significant distinction between the groups is the number of arguments created by Group 2, twice as many posted by Group 1, possibly reflecting a characteristic of the group.
The main challenge of promoting engagement was keeping people motivated to access the debate tool during the phase 3, after the workshop. The chart in Figure 6 illustrates the number of contributions day by day during this phase. The number remained stable between D3 (Friday) and D7 (Tuesday), when an external intervention occurred: an email ranking results of both groups was launched. Just after that, the number of Group 1 contributions increased 37% (59 new posts) and 201% (31 new posts) for Group 2. The score was published again on D8 and D10 also reminding participants about the last day of the study. The last increased the participation once again in 9% for Group 1 and 70% for Group 2. Figure 7 presents comparative results of the affective quality assessment [40] regarding to valence, motivation, and dominance. These aspects were scored from 1 to 5, in which 5 is the most positive answer. Participants of WS1 demonstrated slightly more positive perception (valence). The average was 4.26 for Group 1 and 3.83 for Group 2. Despite of being differently distributed, the mean of motivation was identical, 4 for both groups. Dominance was the aspect worst scored with 2.6 of average for Group 1 and 3.0 for Group 2, suggesting that people from both workshops felt a bit too challenged when interacting to the debate tool.
Assessments and sample interview
Figure 7 -Results of the SAM
The concepts related to motivation were scored from 1 to 7 in the IMI [41] . The results presented in Table 2 are statistically limited (high standard deviation) due to the small sample of this study, but it suggests higher motivation by participants of WS1 than WS2, which had the tree. The competence subscale results are proportionally comparable to the dominance assessment by the SAM [40] . Both groups expressed having an autonomous behavior at a certain degree by the low score of Pressure/Tension. Details of the usability evaluation of the Evidence Hub are out of the scope of this paper. However, how participants perceived the online tool might influence engagement and motivation. The Table 3 , thus, summarizes the average score (from 1-5) of positive and negative usability aspects by both groups, pointing out that Group 1 had a better perception in terms of the ease of leaning and use, complexity, etc. The complexity was the main issue pointed out by participants. As part of the usability assessment, when asked about the effectiveness of the Evidence Hub to raise energy awareness, workshop participants highlighted mostly aspects related to debate, as enumerated in Table 4 . The interview with a sample of participants revealed aspects related to their overall experience towards the study. Regarding reasons to participate, respondents were asked to choose up to tree reasons to be engaged in this study. The results are quantified in the chart (Figure 8 ), evidencing that the tree was the second main reason for participating, more than all other technical artifacts or the social aspect of the activities.
Figure 8 -Reasons to be part of the study (chosen among a set)
Interviewees also scored (1 to 5) the level of attention they spent to the tree during the WS2 and during the time it was installed in the public area. The average score of attention in the workshop by Group 2 was 3.5, while in the public space was higher, 3.9. Figure  9 represents the score distribution. Table 5 relates a sample participants' data, including the top 2 contributors of each group, plus one person of each that did not contribute at all after the workshop. Data from different sources were associated: the user's participation in points, as described in the section 4.2, the Interest/enjoyment subscale of IMI score, the stated main reason for being part of the activity, and the meaning of the tree for them when they used to see it in the public space. 
ANALISYS
By connecting results from the Evidence Hub, self-assessments and the sample interview, we analyze and discuss the impact of the tangible device, as well as the effect of social comparison and competition on engagement. Then, we analyze results taking into account the main SDT concepts.
The tangible device effect
Results of self-assessment pointed out higher level of motivation (Table 2 ) and a better perception of the tool by participants of Group 1 (Table 3) . However, Group 2 produced 56% more during the workshop, as illustrated by the chart in Figure 4 , evidencing the impact of the tangible device on participation. The Energy Tree was also declared as the second reason for people to be engaged in the study, more than the smart monitoring device and the debate tool (Figure 8 ).
However, the presence of the tree in the public area was not enough to keep Group 2 participants engaged. A possible explanation is that the novelty aspect of the technology, which may increase motivation, was not present anymore for this group that had already lighted on the Energy Tree completely beforehand, during the WS2.
In the workshop, the effect of the tree could be even stronger if there was no pre-established goal to light it on, which was perceived as a limit by workshop attendees. When the tree was completed, and the last branch was lightened, typical reactions from the participants were: "and now?", and "we don't need to contribute more". Similar effect of loosing motivation was observed in on-line communities where users had to achieve a goal to have access to new features [42] . Design alternatives to go beyond the goal -more levels of contributions represented by unexpected lightening effects, for instance, should have overcome this constraint.
Placed in the public area, the visual feedback of the tree was more effective in attracting participants' attention ( Figure 9 ). Differently from the workshop, in which people spent most of the time working online, in the public space the tree was considered mainly a reminder that the study was going on, as suggested by our previous analysis with regard to energy awareness.
The expected effect of the artifact leading to new patterns of behavior was identified as a post to the debate tool: "It looks like thanks to the tree we started switching off the lights during the day", however, this effect could not be identified by the sample interview, in which the tree was said to be perceived mostly as signal of competition or guilty for those who were not collaborating, as further described.
Social comparison and competition
Learning about energy was stated by participants as the main reason to engage with the study (Figure 8 ). We see comparison as central aspect in a collective learning process, for this reason social comparison has not been evaluated in terms of effectiveness in this study.
The debate potentiates the comparison not only in terms of number of posts created, but also by the possibility to contrast opinions. Participants highlighted these aspects positively when discussing about the effectiveness of the tool to raise awareness in Table 4 , as well as they made evident the value of arguments and the possibility to see connected people and ideas.
The public feedback by the Energy Tree was also a tangible way to provide social comparison both within the groups and especially between them. A participant from Group 1 declared to think that "some people are saving energy" when seeing the tree in a public place, meaning that him/herself was not contributing, although the group result was evident.
Making public results of both groups changed the perceived meaning of the tree for them: the group with better result mostly associated the tree with a feedback of their performance (including competition), while for the Group 2, the tree was a signal of guilty: -" it's like I am not fulfilling my responsibilities", declared a Group 2 interviewee.
Social comparison is actually a predictor of competition, which was reported as an important trigger for the most engaged people in Table 5 . The Group 1 second contributor said about his/her thoughts when seeing the tree in the public space: "Shamelessly competitive: Is my group doing best?". Another important aspect to be highlighted is that the both top contributors claimed for a public reward.
Comments during the WS2, such as "Does the tree refer to everyone?", expressing disappointment, and "We should compete against each other!" illustrate the preference for the competition approach instead of working collaboratively.
In terms of number of contributions, the curve associated to daily contributions in (Figure 6 ) made clear that the first intervention of publishing the ranking of both groups' contributions on D7 impacted participation. The importance of competition stated by the top contributors suggests that the ranking had a motivational meaning. The same effect of the intervention was not observed in the following day though, suggesting that the frequency of interventions must be carefully planned to be effective.
In terms of quality of contributions, the controversial effects of competition found in the literature, such as cheating and loosing the quality [28] , were not confirmed in this research scenario. Group 1 had a higher number of votes. For being the simplest way to interact to the system, it can be considered as a consequence of the individual prize offered for the Group 1. However, voting is also a relevant way to promote the debate, so, in this context, it cannot be seen as cheating or quality loss.
Despite of presenting the highest level of intrinsic motivation towards the debate tool during the workshop, the top contributor also declared the interest by the competition, prize and reward, suggesting that the intrinsic motivation was not the only responsible for the engagement.
Motivation and engagement
Satisfying a need leads to well being, for this reason Autonomy, Competence, and Relatedness are considered the most important needs that lead to intrinsic motivation according to SDT [5] [7] .
More Autonomy means stronger motivation. The behavior is said to be autonomous (or self-determined) when in line with one's interests, preferences and wants; otherwise, external forces, like pressure, guide it. Competence reflects the interest in applying and developing our skill performing a task; to enhance intrinsic motivation, competence must be accompanied by autonomy. Relatedness refers to the need to establish close emotional bonds with other people. Relatedness may also be a reason to internalize extrinsically motivated behaviors, since people are willing to have the behaviors valued as significant by others to whom they want to be connected, whether a family, a peer group, or a society [6] .
Autonomy
As voluntary participation, contributing to the online debate relies on autonomous behavior, which in turn is related to intrinsic motivation, interest, and enjoyment. Individually, intrinsic motivation measurements could not be directly associated as an indicator of engagement in this research scenario. People who did not keep contributing after the workshop had similar or even higher level of intrinsic motivation than people among the top contributors (Table 5) .
However, the novelty aspect of the Energy Tree seemed to promote initial engagement, leading to a higher number of contributions to the debate tool in the first contact of users with the tangible technology.
Competence
In this study context, competence was mainly related to the perception of usability aspects of the tool, declared to be complex by users. The Group 1 participants' higher intrinsic motivation (and perceived competence) seems to be associated to the experienced affective quality (Figure 7 ), also higher in average. They better evaluated the tool in terms of usability than participants of WS2, with the tree.
Low levels of competence may prevent users to adopt a tool after the first contact. Although usability aspects are out of the scope of this paper, the adequacy of the online solution to the user skills and expectation must be ensured to motivate engagement. Results pointed out that the group with higher competence continued contributing, but it is not possible to affirm that it happened due to this correlation, since the presence of the tree, as describe below, had others more evident influence.
Relatedness
By far, relatedness is the strongest motivational aspect in this experimental setting that relies on a collective platform. Elements associated to the debate such as argumentation, contrast of opinions, support or opposition to others' contribution, were mentioned as strengths for promoting energy awareness, as describe in Table 4 .
Competition and public reward played an important role on engagement of those who most contributed to the online debate, demonstrating the importance of human bonds and social influence. Differently from reported by [37] , a study that also evaluated the Energy Tree in the context of an elementary school, competition did not affect the quality of contributions. A possible explanation refers to the social context; in a working environment, people tend be more careful about preserving their image.
The consequent changes in behavior declared by most of the interviewees suggest the effectiveness of this experimental setting to raise energy awareness. Associated, intrinsic and extrinsic reasons together strengthened motivation and promoted engagement.
Discussion
Vassileva [15] states that relating motivation and online community engagement requires dealing with the influence of external factors that may lead to unpredictable behavior by the participants. We argue that the methodology and the experiment design must consider alternatives to overcome possible influences created by the environment. In the context of a workplace, for example, hierarchical pressure for participation or the lack of institutional support could bias results of engagement. In this research scenario, we did not detect unpredicted behavior, possibly due to the controlled and familiar environment where the experiment took place, its short-term run, and the relatively small number of participants.
These characteristics made it difficult to statistically analyze the impact of our motivational strategies on online engagement. Despite all that, qualitative results pointed out some interesting directions with regards to: -The tangible feedback of contributions: the presence of the Energy Tree promoted engagement in a situated interaction (the workshop), possibly due to the novelty aspect of it. When placed in a public space, the artifact was mostly perceived as a reminder of the study. -Social comparison and competition: even though competition was not strongly promoted, the top contributors in the study declared it as an important motivational force behind their engagement. No negative aspects were reported or found to be associated with competition in this research scenario. -Intrinsic and extrinsic motivations: engagement could not be explained by intrinsic motivation alone. The top contributors requested public rewards as well as declared their interest in the prize, suggesting that intrinsic and extrinsic motivations must be combined to promote engagement. -Characteristics of the online debate: participants evaluated the debate as effective to raise energy awareness due to the possibility of comparing and contrasting their opinions and ideas.
As an exploratory study, we mixed some motivational strategies, such as the presence of the Energy Tree and social comparison/competition, thus making it more difficult to evaluate the potential impact of isolated strategies. However, studying the impact of multiple interplaying strategies is the focus of this work, which is also supported by the literature on behavior change which argues for using a combination of motivational strategies to engage people more effectivly [11] .
Vassileva [15] argues that results associated with successful incentives in one community cannot be easily generalized to other communities. The users in our study were all computer science researchers, wich limits our ability to generalise our findings to other user groups. Nevertheless, our results can act as pointers to further research directions, and to experiments involving a wider variety of users.
CONCLUSION
This exploratory study analyzed motivational strategies related to the engagement of users with online debate on energy saving. A public tangible feedback of online participation was proposed as a motivational strategy. The impact of this device on engagement and how the social dynamic of competition and collaboration influenced participation were analyzed qualitatively.
In the context of this research scenario, external factors were found as positively impacting engagement. While scores of intrinsic motivation alone could not suggest engagement, competition and public reward were mentioned as crucial for those participants who most contributed.
Possibly due to the novelty aspect associated to the device, which attracted participants' curiosity, the Energy Tree was effective on promoting situated engagement. However, placed in a public area, the presence of the tree promoted competition between groups of users, and worked as a symbol, a reminder of the ongoing energy awareness study.
For promoting Relatedness, one of the most important needs that lead to motivation, participants judged the Evidence Hub as effective to raise awareness and highlighted debate elements (arguments, contrasting opinion) as the strengths. These elements of collective knowledge building are important to promote engagement not only in terms of online participation, but also to establish and promote new social norms, leading to a desired social change.
In the Web Science perspective, our results contributed to the understanding of the relationship between motivation, a force that drives behavior, and engagement with an online tool. Even though situated, the findings point directions to further investigations in different research scenarios.
